BTL AMPLIFIER APPARATUS 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a BTL (Balanced Transformer Less) 
amplifier apparatus for driving a speaker. 

2. Description of the Related Art 

Generally, the BTL amplifier has various advantages :(1) a high 
output is obtained from a low power supply voltage, (2) distortion at even 
order is canceled; (3) the amount of ripple rejection of the power supply is 
much. For this reason, it has been widely used in an audio system for a 
vehicle. 

Fig. 9 shows a typical conventional BTL amplifier 1 formed in an 
integrated circuit. The BTL amplifier 1 includes an inverting amplifier 1 1 
for inverting an input signal and amplifiers 13 and 14 each having a gain equal 
to that of the inverting amplifier 11. 

Reference numeral 2 denotes an electronic volume, 3 a coupling 
capacitor and 4 a speaker. 

Nowadays, the BTL amplifier 1 and electronic volume 2 are designed 
in a semiconductor integrated circuit in which they are DC-coupled with a 
capacitor and coil removed in order to maintain the preferred characteristic in 
a low frequency range and high frequency range. 

Therefore, there is a DC potential difference between the output of the 
electronic volume 2 and an input of the BTL amplifier 1 . If the electronic 
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volume 2 and BTL amplifier 1 are connected to each other with such a 
potential difference, the respective circuits do not operate normally. In order 
to obviate such an inconvenience, a capacitor 3 is connected for coupling the 
output from the electronic volume 2 with the BTL amplifier. 
, However, if the capacitor 3 is deterija^ted to generate a leak current 

and the BTL amplifier 1 is deteriorated,^ DC current flows through a voice 
coil of a speaker so that the voice coti/may generate distortiontto be damaged. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an improved BTL 
amplifier apparatus which will not damage the voice coil of a speaker. 

In order to attain the above object, in accordance with the present 
invention, there is provided a BTL amplifying apparatus having two power 
amplifiers in an BTL configuration for amplifying a speaker, comprising: 
detection means for detecting a differential voltage between outputs from said 
two power amplifiers while an input signal to be supplied to said power 
amplifiers is muted, and decision means for deciding whether or not the 
differential voltage is larger than a prescribed voltage. 

Preferably, the BTL amplifying apparatus further comprises volume 
means for adjusting a signal level of the input signal; and means for muting 
the input signal to be supplied from the volume to the power amplifiers during 
a prescribed period. 

In the BTL amplifying apparatus, preferably, the detection means and 
the decision means are operated when a power switch is turned on and a signal 
source is switched. 

In accordance with the present invention, since the differential voltage 



is detected to provide a DC offset while the input signal is not supplied to the 
power amplifiers, using a decision result of the difference voltage, it is 
possible to prevent a voice coil of the speaker from being damaged. 

In accordance with the present invention, the period while the input 
signal to be supplied to the power amplifiers is muted can be set when it is 
required to provide the DC offset. During the period, the detection and 
decision can be carried so that a sense of discomfort is not given to listeners. 

The above and other objects and features of the present invention will 
be more apparent from the following description taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the configuration of the first 
embodiment of the BTL amplifier apparatus according to the present 
invention; 

Fig. 2 is a flowchart showing the operation of the first embodiment; 

Fig. 3 is a flowchart showing the operation of the second embodiment 
of the BTL amplifier apparatus according to the present invention; 

Fig. 4 is a block diagram of a third embodiment of the BTL amplifier 
according to the present invention; 

Fig. 5 is a block diagram of a fourth embodiment of the BTL amplifier 
according to the present invention; 

Fig. 6 is a block diagram of a fifth embodiment of the 
BTL amplifier according to the present invention; 

Fig. 7 is a block diagram of an embodiment of a mute circuit 
according to the present invention; 



Fig. 8 is a timing chart in the fifth embodiment of the present 
invention; and 

Fig. 9 is a view for explaining a prior art. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Now referring to Figs. 1 - 3, an explanation will be given of 
embodiments of the present invention Fig. 1 is a basic block diagram of a 
first embodiment of the BTL amplifier apparatus according to the present 
invention. Fig. 2 is a flowchart showing the operation of the first 
embodiment of the present invention. Fig. 3 is a flowchart showing the 
operation of the BTL amplifier according to the second embodiment of the 
present invention. 

In Fig. 1, an integrated circuit (BTL amplifier) 1, an electronic volume 
2, a capacitor 3, a speaker 4, an inverting amplifier 1 1, an amplifier 12, and 
power amplifiers 13 and 14 are the same as the corresponding components in 
Fig. 5 showing the prior art. 

Further, in Fig. 1, reference numeral 5 denotes a control unit, and 
reference numeral 6 denotes a display. Within the integrated circuit 1, 
switches 15 are provided between the power amplifiers 13, 14 and output 
terminals. A differential voltage detecting section 16 is also provided in 
order to detect a difference between the output voltages from the power 
amplifiers 13 and 14. 

Referring to Fig. 2, an explanation will be given of the operation of the 
first embodiment of the BTL amplifying apparatus according to the present 
invention. 

When a power switch turns on, a signal source is switched, or a 



command is issued as necessary, the operation starts. 

In step SI, a control unit 5 sends a command of "muting" to the 
electronic volume 2 to make the output therefrom zero. 

In step S2, the control unit 5 reads the differential voltage detected by 
the differential voltage detecting unit 16. 

Now, since the audio signal is not supplied from the electronic volume 
2, the control unit 5 produces the difference between the DC voltages from 
the power amplifiers 13 and 14, i.e. DC offset. 

In step S3, the control unit 5 decides whether or not the differential 
voltage read in step S2 is larger than a prescribed value. If the answer is 
"YES", the processing proceeds to step S4. If the answer is "NO", the 
processing proceeds to step S6. 

In step S4, the control unit 5 issues a command of turning off the 
switch 15. Then, the power amplifiers 13, 14 are disconnected from the 
connecting terminals. 

In step S5, the control unit 5 causes the display unit 6 to indicate a 
warning. Thereafter, the processing returns to step S2. The processing 
from S2 to S5 is repeated. 

In step S6, the control unit 5 issues a command of turning on the 
switches 15. Then, the power amplifiers 13 and 14 are connected to the 
speaker 4 through the connecting terminals. 

In step S7, the control unit 5 issues a command of "muting-off 9 to the 
electronic volume 2. Then, the processing is ended. 

Referring to Fig. 3, an explanation will be given of the operation of the 
second embodiment of the present invention. The circuit arrangement 
according to the second invention is the same as that of the first embodiment. 



In Fig. 3, steps SI - S3 and S5 - S7 are the same as those shown in Fig. 

2. 

In the second embodiment, step S4 in the first embodiment is canceled. 
Instead of this, step ST is added before step SI. 
5 In step S 1\ when the power switch turns on or the signal source is 

switched, the control unit 5 issues a command of turning off the switches 15. 

If the switches ,15 are previously turned off in this way, even when an 
excessive voltage is generated between the outputs from both power amplifies 
owing to some causes, it is possible to prevent the voice coil of the speaker 4 
c J.O from being damaged. 

fz Fig. 4 shows the configuration of third embodiment of the BTL 

7% amplifier apparatus according to the present invention. In this embodiment, 

es: : 

j 2 the power amplifiers 13 and 14 are provided with activation/deactivation 

j\ circuits 18 and 19 for activating or deactivating these power amplifiers, 

jj=l5 respectively. Each activation/deactivation circuit is constructed as a switch 

for turning on/off the signal passing through the power amplifier or so as to 
w control the supply of a power source voltage to the power amplifier. 

In this embodiment, when it is decided that the differential voltage is 
larger than a prescribed value, the activation/deactivation circuits 18, 19 
20 deactivate the power amplifiers 13, 14 so that the signals are not supplied to 

the speaker 4. 

// #0 \ ^ shows the configuration of tijka embodiment of the BTL 

he^f 



' amplifier apparatus according to the^pfesent invention 



In this embodiment, as seen from Fig. 5, the electronic volume 2 in 
25 Fig. 4 is replaced by a common mechanical volume 20a and a switch 20b 

connected to the output from the volume 20a. 
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In operation, in step SI, the switch 20b is turned on by the control unit 
5 so that the signal from the volume 20a is muted. Thereafter, the DC offset 
is decided in the same processing as described with reference to the previous 
embodiments described above. It should be noted that the mechanical 
volume 20a and the switch 20b may be applied to the first embodiment as 
shown in Fig. 1 . 

In each of the embodiments described above, although the control unit 
5 is provided outside the integrated circuit 1, it may be provided within the 
integrated circuit 1 . The decision means in step S3 in the control unit 5 may 
be separately provided within the integrated circuit 1 . 

Figs. 6 and 7 show the configuration of the fifth embodiment of the 
BTL amplifier according to the present invention. In Figs. 6 and 7, like 
reference numerals refer to like components in Figs. 1, 4 and 5. 

In Fig. 6, the integrated circuit 1 is provided with terminals for a 
standby (STBY) input, a mute control input and a decision output. The output 
from the differential voltage detecting unit 16 drives the switch 23 through a 
decision unit 20, OR unit 2 1 and an output circuit 22. A "H" generating 
source 24 is connected to the decision output terminal through the switch 23. 
The voltage from the decision output terminal is divided by resistors Rl and 
R2 so that the resultant voltage is supplied to the control unit 5. A mute circuit 
25 serves to mute the input signal to be supplied to the power amplifiers 13, 
14. Fig. 7 shows a concrete arrangement of the mute circuit 25. A 
comparator 26 serves to compare the voltage applied to the mute control input 
with a reference voltage 27. According to the comparison result, the above 
deciding operation is carried out. A switch 28, diode Dl , resistor R3 and 
capacitor CI serve to set the voltage to be applied to the mute control input. 



Referring to a timing chart of Fig. 8, an explanation will be given of 
the operation of the configuration shown in Figs. 6 and 7. 

The control unit 5 directs muting to the electronic volume 2. The 
control unit 5 also turns off the switch 28 and applies 0 V to a diode Dl so 
that the mute control input terminal is located at the voltage (0 V) in "L" level. 
Thus, the mute circuit in the integrated circuit 1 is fallen into a muted state. 

In this state, when the voltage in the H level is applied to the standby 
(STBY) input terminal, the standby input terminal is changed from "L" level 
to "H" level. Thus, the standby state of the integrated circuit 1 is dissolved. 
Therefore, the switch 23 is turned on through the output from the output 
circuit 22; As a result, the voltage in the H level from the H generating source 

24 is applied to the decision output terminal, and divided by the resistors Rl 
and R2 so that the resultant voltage is applied to the control unit 5. 

When a prescribed time elapses after the standby input terminal 
becomes "H", the control unit 5 supplies a turn-on signal to the switch 28 and 
holds the ON state of the switch 28 for a prescribed time (during this time, 0 

V is continuously applied to the diode Dl). A power supply voltage of 8 V, 
which has been applied to the one end of the switch 28, is supplied to a time 
constant circuit composed of a resistor R3 and a capacitor CI through the 
switch 28. As a result, the mute control input terminal rises to 8 V. 

When a voltage not lower than the mute control voltage (2.5 V) is 
applied to the mute control input terminal, the muted state of the mute circuit 

25 is dissolved. The comparator 26 compares the voltage at the mute control 
input terminal with a prescribed threshold voltage 27 (which is set at e.g. 6.5 

V to satisfy the condition, mute control voltage < threshold voltage 27 < 
power source voltage). If the former is larger than the latter, an execution 
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command signal for executing a detection/decision operation to the 
differential voltage detection unit 16 and decision unit 20. Therefore, when a 
voltage of 8 V is applied to the mute control input terminal for a prescribed 
time, the mute circuit 25 dissolves the muting operation, and in response to 
the execution command signal from the comparator 26, the detecting/deciding 
operation of the DC offset voltage is carried out. All this while, the 
electronic volume 2 maintains the muted state so that no signal is supplied to 
the power amplifiers 13 and 14. 

The detection operation is carried out in the same manner as in the 
embodiments described above. Namely, whether or not the detected 
differential voltage is larger than a prescribed value is decided by the decision 
unit 20. If the answer is "YES", the decided output is supplied to the OR 
circuit 2 1 . An output from the decision unit 20 of another BTL amplifier 
apparatus for another channel, which is configured in the same structure as 
that shown in Fig. 6, is supplied to the OR circuit 21. In the BTL amplifier 
apparatus having such a multi-channel configuration, when the DC offset 
voltage is detected for at least one channel, the output from the decision unit 
20 is supplied to the output circuit 22 through the OR circuit 21. In response 
to the decision output, the output circuit 22 turns off the switch 23. Thus, 
since the H generating source 24 is disconnected from the decision output 
terminal, the voltage at "L" level is generated at the decision output terminal. 

Therefore, while the offset voltage is detected, the control unit 5 takes 
in the voltage generated at the decision output terminal at a prescribed timing. 
If the voltage is "H", it is decided that the offset voltage has been generated. 
If the voltage is "L", it is decided that the offset voltage has not been 
generated. 



Upon completion of the detection/detection period of the offset 
voltage, the control unit 5 turns off the switch 28. The control unit 5 applies a 
voltage of 5 V to the diode Dl so that a mute dissolving voltage is applied to 
the mute control input terminal. Thus, the mute circuit 25 maintains the 
dissolving of the mute. On the other hand, the control unit 5 issues a mute 
dissolving command to the electronic volume 2 so that the muted state of the 
electronic volume 2 is dissolved. Thus, the input signal level-adjusted by the 
electronic volume 2 is supplied to the power amplifiers 13 and 14. 

Where the offset voltage is detected, as described above, the control 
unit 5 maintains the muted state of the electronic volume, or causes the 
display unit 6 to indicate a warning. Otherwise, the control unit 5 sets 0 V at 
the mute control input terminal so that the mute circuit 25 is muted. 

Fig. 7 shows a concrete example of the mute circuit 25. 
In Fig. 7, a power supply voltage + B is selectively supplied to an amplifier 12 
or an amplifier 3 1 by the operation of a switch 30. The output from the 
amplifier 12 or 29 is connected to the input of the power amplifier 14 by the 
operation of the switch 31. The switches 30 and 31 are switched 
simultaneously by the voltage applied to the mute control input terminal. 
The power amplifiers 13 and 14 are fed back to the inverting amplifiers 1 1 
and 12 through resistors R5 and R7, respectively. A DC bias reference 
voltage of +B/2 is applied to the amplifier 12 so that the output therefrom 
appears as a positive or negative voltage in terms of the reference voltage. The 
non-inverting input of each of the inverting amplifier 1 1 and amplifier 29 is 
connected to an AC grounding terminal (AC GND) of the integrated circuit 1 . 

In the circuit configuration described above, the input signal is 
supplied to the power amplifiers 13, 14 through the inverting amplifier 1 1 and 
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amplifier 12, respectively. In this case, when a voltage of 2. 5 V or more is 
applied to the mute control input terminal, the switches 30 and 3 1 are 
connected to the side of "Play" in Fig. 7. Thus, the power source voltage of 
+ B (14V) is applied to the amplifier 12 and the output therefrom is supplied 
to the power amplifier 14. In this way, the BTL amplifying operation is 
performed to drive the speaker 4. 

In the state where the input signal is not supplied to the integrated 
circuit 1 also, + B/2 is applied to the pne end of a capacitor 3, and a DC 
voltage has been applied across the capacitor 3. Therefore, when the leak 
current Ir due to the DC voltage flows though the capacitor 3, it flows along a 
passage of + B/2 — ► resistor R4 — ► capacitor 3. Since the voltage of +B/2 
is the same potential as the AC grounding terminal (AC GND) in terms of DC, 
a voltage drop of R4 x Ir is generated in the amplifier 12. This voltage drop is 
multiplied by a gain of the power amplifier 14. The resultant voltage appears 
as an DC offset at the output. 

On the other hand, when the mute control input terminal is at 0 V, the 
switches 30, 31 are changed to the side of "Mute" in Fig. 7. Therefore, the 
power source voltage +B is supplied to the amplifier 29 and the output 
therefrom is connected to the input of the power amplifier 13. The reference 
potential to be applied to the non-inverting input of each of the amplifiers 29 
and 12 is that at the AC grounding terminal so that the DC offset voltage is 
not generated. Even if the leak current flows along the capacitor 3, since the 
capacitor 3 is not coupled with the amplifier 12 and power amplifier 14, the 
offset voltage between the outputs from the power amplifiers 13 and 14. 



